Background: The aim of this study was to investigate whether integrated motivational interviewing and cognitive behaviour therapy leads to changes in lifestyle mediators of overweight and obesity in community-dwelling adults.
Background
The epidemic of overweight and obesity continues to rise worldwide, and constitutes a serious public health concern [1] . In 2016, more than 650 million adults were classified as obese ( [2] . Overweight and obesity presents a major challenge to population health due to its intricate association with a number of chronic diseases [3] . Overweight and obese individuals experience increased morbidity, functional limitations and psychosocial problems as a result of excess adiposity [4] . Due to the increasing prevalence of overweight and obesity, developing effective treatment approaches has been identified as a research and population health priority [5] .
The aetiology of obesity is complex and multifaceted [6] . However, as individual and personal choices play a critical role in the manifestation of overweight and obesity, behaviour modification and lifestyle interventions are recommended as the primary steps in overweight and obesity management [7, 8] . Interventions typically target changes in lifestyle mediators of overweight and obesity namely physical activity (PA), diet, and body composition (waist circumference; mass; body mass index) [7, 9] . Psychological strategies such as increasing motivation for change, improving self-efficacy, and self-regulatory capabilities are required for addressing the lifestyle mediators of overweight and obesity and are the best predictors of beneficial physical activity and weight outcomes [8, [10] [11] [12] .
Motivational interviewing (MI) is a directive, behaviour change technique that is effective in overcoming ambivalence and increasing desire for behaviour change [13] . The principles and methods of MI address issues associated with ambivalence about behaviour change, including decreased confidence and low self-efficacy [14] . MI has well established efficacy for initiating health behaviour change [8, 14, 15] , but is less effective in goal-oriented action planning, which can lead to behaviour change relapse [12, 16] . Not surprisingly, therefore, it has shown to be more effective and longer lasting when combined with other active treatments, rather than delivered alone [17] . Cognitive behaviour therapy (CBT) on the other hand, posits that therapeutic strategies designed to change maladaptive cognitions can lead to improvements in behaviours [18, 19] . CBT is most commonly used to maintain behaviour change, utilising prominent strategies around relapse prevention and self-regulation [20] . In contrast to MI, CBT has shown less effectiveness in resolving ambivalence to behaviour change [21] , demonstrating its greatest efficacy when working with voluntary, motivated clients [20] .
Multiple studies have identified that the main factors associated with suboptimal health behaviour adoption are the lack of motivation to change and failures in strategies to maintain behaviour change [22] [23] [24] . A recent systematic review of self-regulatory mediators indicates that a lack of autonomous motivation, self-efficacy and self-regulation skills are associated with relapses in lifestyle change intervention [9] . Findings such as this, and the respective strengths and limitations of MI and CBT alone, have led to the proposal of integrating MI and CBT (MI-CBT) into a single intervention [16, 21, 25] . MI and CBT share components that are integral elements of both techniques [26] . Both approaches emphasise working in a collaborative, directive way with clients, with a clear focus on changing behaviour [13, 16, 18, 21] . Both approaches are also understood to be most effective when focused on specific behaviours [26] . Supporting client self-efficacy and behavioural self-monitoring, key principles of MI have also been utilised in most conceptualizations of CBT [27] . It has been suggested that combined behavioural interventions offer the most effective strategy for behaviour change [28] .
Several systematic reviews have demonstrated only modest effectiveness for MI alone [10, 11] , and CBT alone [25] in addressing lifestyle mediators of overweight and obesity, while others have shown more promising results for behaviour change in other areas using integrated MI-CBT [29, 30] , though the outcomes were not related to lifestyle mediators of overweight and obesity. Together these reviews provide some preliminary evidence that integrated MI-CBT might be effective for overweight and obesity. However, no systematic review has yet been undertaken that focuses specifically on the effectiveness of integrated MI-CBT interventions for addressing the lifestyle mediators of overweight and obesity in community-dwelling populations. The primary aim of this review was to examine the effectiveness of integrated MI-CBT for lifestyle mediators of overweight and obesity in community-dwelling adults. Given the prevalence of overweight and obesity, and the recommendations for lifestyle behaviour interventions, clinicians and researchers would benefit from a systematic review that focuses on identifying the benefits associated with the use of the intervention to effect lifestyle mediators of overweight and obesity.
Methods
This review with meta-analysis adheres to the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement [31] . An electronic database search was conducted in Ovid Cochrane CENTRAL, Ovid MEDLINE, Ovid EMBASE, Ovid PsycINFO, CINAHL and Elsevier Scopus from inception until 04 October 2017. Search terms were grouped into three constructs: motivational interviewing, cognitive behaviour therapy, and health behaviour change. The search terms were entered as keywords or MeSH terms where possible, and initially searched with the OR operator; search constructs were combined using the AND operator. The complete search strategy for Embase PsycINFO is presented in detail (Additional file 1: Table S1 ). A manual search of reference lists from relevant articles was also conducted. Reference lists of selected trials were also examined to identify other relevant publications.
To be included in the current systematic review and meta-analysis, studies had to meet the following eligibility criteria: (1) an original, randomised controlled trial; (2) written in English-language; (3) adult population; (4) community-dwelling participants; (5) no active, serious mental health conditions, typically involving a diagnosis of psychosis; (6) intervention includes integrated MI-CBT; (7) intervention has at least one component that is delivered one-to-one; (8) outcome measures include a measured change in lifestyle mediators of overweight and obesity. Data were extracted using a standardised checklist. A unanimous decision was required between two reviewers to exclude a study during both abstract and full-text review. Where there was a lack of agreement between two reviewers, the disagreement was resolved by consensus via a third reviewer.
Data describing population characteristics, settings, intervention characteristics including duration and mode of delivery, measurement and verification of treatment fidelity, control group details, follow-up times, and outcomes were extracted from the included studies. Means and standard deviations of change scores for both intervention and control groups were included in one of the extracted studies [32] . Using these change data, the correlation coefficients were calculated for the intervention group (r = 0.50) and control group (r = 0.50), with an average r of 0.50 [33] . For all included studies, the standard deviation of change scores from baseline in outcome measures were calculated using a correlation coefficient of 0.5 [33] , and entered directly into Review Manager 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) for analysis [34] . Analyses based on changes from baseline were used because they are more efficient and powerful than comparison of final values, through the removal of between-person variability from the analysis [33] . Sub-group analysis was conducted to determine the potentially moderating effect of number of intervention sessions on the outcomes. All analyses were repeated for pre-post test correlations set at lower (0.20) and higher (0.80) values than the calculated value of 0.50 (Additional file 2: Table S2 ). Potential publication bias was evaluated via funnel plots (Additional file 3).
Standardized mean differences (SMD) with 95% confidence intervals (CIs) were calculated using Review Manager 5.3 as the mean difference divided by the pooled standard deviation [33] . For dichotomous variables, odds ratio (OR) with 95% CIs were calculated using Review Manager 5.3. Meta-analyses were conducted on clinically homogenous data using a random effects model, to provide an estimate of the overall effect of integrated MI-CBT on health behaviour change [33] . Cohen suggests that a standardized mean difference of 0.2 is small, 0.5 is moderate, and 0.8 or more is large [35] . In keeping with recommendations, I
2 was used to assess statistical heterogeneity across trials [33, 35] . Heterogeneity was considered statistically significant if the p-value for the Chi-square test was less than 0.10 and the I 2 statistic was 50% or more [33, 36] . In line with recommendations, if intention to treat analysis using imputed values was reported in a trial, these data were used [33] . In regards to outcome for PA, if more than one measure of PA was reported in a trial, the measure that best reflected total activity was selected and included in the analysis. Where only medians were reported, these values were treated as means and the standard deviations were derived according to the formula: standard deviation = interquartile range/1.35 [33] . Study and outcome quality was assessed according to the GRADE approach for systematic reviews [33, 37] . Quality of evidence for meta-analyses began at the high level and was downgraded to lower levels of evidence when risk of bias, inconsistency, indirectness, imprecision or publication bias were present [33, 37] .
Results
The literature search yielded a total of 1436 potentially relevant studies (Fig. 1) . A total of 1241 studies were excluded after review of titles and abstracts, resulting in 195 studies undergoing full-text review. A total of 185 studies were excluded during full-text review leaving 10 studies remaining for data extraction. The characteristics of the included studies are listed in Table 1 . All included studies were parallel randomised controlled trials that evaluated behaviour change relating to the lifestyle mediators of overweight and obesity. Of the included studies, 10 studies included an integrated MI-CBT intervention that measured PA as a behavioural outcome [32, [38] [39] [40] [41] [42] [43] [44] [45] [46] , and 4 studies investigated integrated MI-CBT intervention for changes in body composition [40] [41] [42] 46] . The outcome measures extracted from the studies related to dietary changes were highly heterogeneous and of insufficient quality to be combined for meta-analysis.
Follow-up duration varied amongst the included articles; 3 studies had a 12-month follow-up [32, 41, 44] , 4 studies lasted 6 months [38, 40, 42, 43] , and the remaining 3 studies had a follow-up of 4 months [46] , 3 months [39] , and one 1 month respectively [45] . For PA outcomes, objective measures were employed in 1 study using a pedometer [41] , while self-reported instruments were used in the other 9 studies [32, [38] [39] [40] [42] [43] [44] [45] [46] . The measures of body composition in the reviews included mass [41] and waist circumference [40, 42, 46] . Professional background of the persons delivering the intervention included PA counsellors [38] , nurses [32, 41] , occupational physicians [41] , psychologists [42, 44] , graduate students in psychology [45] , health counsellors [40] and post-graduate students in sports and health science [40] . The most common methods of MI described in the studies included MI microskills (open-ended questions; affirmations; reflections; summaries) as well as feedback, affirmation and expressions of empathy. The CBT components described in the studies included problem solving, goal setting, action planning, relapse prevention, progress-related feedback and barrier identification.
The meta-analysis for MI-CBT versus standard care for change in PA demonstrated a 'moderate' quality of evidence (Additional file 4: Table S3 ) with a significant effect in favour of the intervention (7 studies, 1139 participants, SMD, 0.18, 95% CI, 0.06 to 0.31, Fig. 2) [38, 39, [41] [42] [43] [44] 46] . There was a 'low' quality of evidence, with a significant effect in favour of integrated MI-CBT when the intervention lasted for 5 sessions or more (4 studies, 898 participants, SMD, 0.18, 95% CI, 0.01 to 0.35, Fig. 2 ) [41] [42] [43] 46] . Interventions lasting 4 sessions or less demonstrated a 'low' quality of evidence with a non-significant effect in favour of integrated MI-CBT (3 studies, 241 participants, SMD, 0.23, 95% CI, -0.02 to 0.49, Fig. 2) [38, 39, 44] . The meta-analysis for integrated MI-CBT versus standard care for achieving PA guidelines demonstrated a 'low' quality of evidence (Additional file 4: Table S3 ) with a significant effect in favour of the intervention (4 studies, 805 participants, OR, 1.36, 95% CI, 1.02 to 1.81, Fig. 3 ) [32, 40, 43, 45] . The meta-analysis for integrated MI-CBT versus standard care for change in anthropometric measures demonstrated a 'moderate' quality of evidence (Additional file 4: Table S3 ) with a non-significant effect in favour of integrated MI-CBT (4 studies, 979 participants, SMD, -0.12, 95% CI, -0.24 to 0.01, Fig. 4 ) [40] [41] [42] 46] . A sensitivity analysis of the imputed correlation coefficient revealed that effect sizes remained within the 95% confidence interval. Funnel plots were consulted and indicated that potential publication bias could be ruled out.
Discussion
This is the first systematic review and meta-analyses to analyse the effectiveness of integrated MI-CBT for lifestyle mediators of overweight and obesity. The results provide moderate quality evidence that integrated MI-CBT has a significant, beneficial effect on PA levels, and a small, beneficial effect on body composition in community-dwelling adults. This has important implications for clinicians looking to address overweight and obesity given that even small increases in PA [47] and small changes in body composition [48] can deliver beneficial health outcomes. These findings are consistent with a previous meta-analysis reporting small but clinically significant effects for integrated MI-CBT for changes in alcohol intake [30] . Stratification of the meta-analysis for MI-CBT versus standard care for change in PA by number of intervention sessions provided low quality of evidence that interventions lasting 5 sessions or more resulted in small, significant effects on PA change (Fig. 2) . Interventions lasting 4 sessions or less demonstrated a 'low' quality of evidence with a non-significant effect in favour of integrated MI-CBT (Fig. 2) . This systematic search failed to yield nutritional data of sufficient quality for inclusion in the synthesis.
The results of the meta-analysis of 7 randomised controlled trials for MI-CBT versus standard care for change in PA demonstrated moderate quality of evidence with a significant effect in favour of the intervention. Incorporating exercise as a regular lifestyle behaviour is difficult for many individuals [49] . There are multiple reasons behind this, including low motivation, poor exercise tolerance, and a lack of self-efficacy and coping skills [49] . For individuals to positively influence obesity, they must engage regularly in PA, and maintain this behaviour over a prolonged period of time [48, 49] . The integration of MI-CBT combines evidence informed strategies for motivation and maintenance of PA behaviour change. Of the 7 studies in this meta-analysis, only 4 had a change in PA as the primary outcome [38, 39, 43, 46] . Behaviour change interventions are most effective when they target single outcomes [10] . The lack of focus on PA change as the primary outcome in the studies included might account for the modest post-treatment effect size. In this meta-analysis, the downgrading of evidence to moderate was primarily due to a lack of sufficient methodological detail around the blinding of participants and personnel involved in the studies, resulting in an unclear risk of bias (Additional file 5: Table S4 ). Nevertheless, given the complexity and feasibility of blinding participants and personnel in studies using behaviour change techniques, the moderate level of evidence provides reasonably robust data supporting the use of integrated MI-CBT for PA change in community-dwelling adults.
Subgroup analysis for the effect of MI-CBT versus standard care for change in PA, stratified by number of intervention sessions demonstrated that interventions lasting 5 sessions or more resulted in a small but significant change in PA. Interventions lasting 4 sessions or less did not have a statistically significant effect on PA change. Treatment effect sizes for both MI alone [50] and CBT alone [51] have been shown to increase with higher numbers of intervention sessions, though the optimal treatment number remains unclear [50, 51] . Increased number of treatment sessions can strengthen skills around relapse prevention and self-management [10, 50, 51] , which may contribute to the clinically significant outcomes found with 5 sessions or more [10, 50] . The broad application of behaviour change interventions in the community setting has been impeded by the lack of evidence pertaining to the optimal number of treatment sessions [52] . These meta-analyses indicate that beneficial outcomes can be derived from a small number of sessions, with increasing effect size found with 5 sessions or more.
The meta-analysis of 4 randomized controlled trials investigating MI-CBT versus standard care for achieving PA guidelines indicated that the intervention was effective at increasing PA levels in order to achieve recommended level of PA. For adults, the attainment of PA levels that approximate the recommendations for moderate activity is associated with a lower risk of mortality [53] and chronic disease [54] . In order to address overweight and obesity, the minimum of 150 min/week of moderate intensity exercise is required [55] . The primary measure of PA in the included studies was standard PA units, minutes per day or steps per day, for example. From this, the authors deduced the binary outcome of attaining or not attaining sufficient PA to meet the guidelines. No study in the meta-analysis investigating MI-CBT versus standard care for achieving PA guidelines provided any indication that participants were set a specific target of achieving the required minutes to meet the PA guidelines. This lack of homogeneity in study design and outcome measures in the included articles might reflect the high degree of heterogeneity found in the meta-analysis. While the meta-analysis indicates a positive effect of the intervention, the high heterogeneity and wide confidence intervals resulted in the downgrading of the quality of the evidence to low. In spite of these inconsistencies, the meta-analysis investigating MI-CBT versus standard care for achieving PA guidelines further supports the use of integrated MI-CBT for PA change. Future studies looking to measure attainment of PA guidelines should focus on clear outcome identification and uniform measurement.
The results of the meta-analysis of 4 randomized controlled trials for integrated MI-CBT versus standard care for change in anthropometric measures provided moderate quality of evidence that integrated MI-CBT has a small, positive effect on anthropometric measures (Fig. 4) . Achieving long-term, sustainable changes in body composition is difficult [50] . At a minimum, the goal of obesity treatment is to prevent further weight gain [56] , while minor changes in body composition are associated with decreased mortality in overweight individuals [57] . The beneficial effect on body composition demonstrated by the intervention in our analysis is promising. Positive change in body composition is a primary motivation for PA [58] . Positive changes in body shape have been shown to strengthen self-belief, resulting in PA maintenance [58] . All of the included studies had a 12-month follow-up, and all outcome measures were measured by research assistants. The use of objective measurement strengthens the quality of the evidence, with self-reported body weight and waist circumference measurement being prone to participant measurement error, and participant reporting bias [59] . Similar to PA, the studies included in this meta-analysis of MI-CBT versus standard care for change in anthropometric measures targeted change in multiple health behaviours, and changes in body composition outcomes was not a primary outcome in any study. When interventions target multiple health behaviours, and changes in body composition is not the primary outcome the application of behavioural change principles to body composition has been shown to decrease in priority [60] . This downgrading in perceived importance might account for the anthropometric treatment effect size found in the analysis [60] .
Although the integration of MI and CBT is not a new concept [61] , the confirmation and/or measurement of treatment fidelity remains difficult [61] . Fidelity scales for integrated MI-CBT have been devised and tested in the literature [61] ; however none of the studies in our sample used such a fidelity measure. Therefore, the extent to which participants were actually receiving interventions is unclear, which could influence the degree of clinical homogeneity. Measurements of intervention fidelity for MI alone [62, 63] and for CBT alone [64] indicate that effect size greatly increases where treatment fidelity is measured. The lack of intervention fidelity measures in the studies included in this review may be a contributory factor to the modest effect size. Of the trials included for PA change, only two trials reported measuring fidelity of the MI component [38, 40] , with the standardised mean difference for the effect of integrated MI-CBT intervention increasing from 0.18 (95% CI 0.06 to 0.30) to 0.41 (95% CI 0.07 to 0.75) when trials that did not confirm fidelity were excluded from the analysis. This effect of MI fidelity is consistent with results from previous meta-analyses which also demonstrated an increase in the standardised mean difference in trials where treatment fidelity is measured [63] . Future trials utilizing integrated MI-CBT should incorporate a measurement of fidelity into the study design.
Strengths
This is the first systematic review and meta-analysis undertaken that provides evidence to support the use of integrated MI-CBT for changes in PA and body composition in community-dwelling adults. While the demonstrated effect was modest, the combination of MI and CBT is potentially advantageous for a number of reasons. With evidence suggesting that even small increases in PA and body composition change can deliver positive health benefits, a modest effect size, as demonstrated in this review, is likely to deliver important health outcomes [48] . The integration of MI-CBT might overcome the documented shortcomings in both interventions delivered alone, while maintaining a collaborative, directive approach [16] . While interventions incorporating behavioural or psychological components have demonstrated modest efficacy for lifestyle mediators of overweight and obesity overall, these interventions do not result in adverse effects, and generally lead to improvements in psychological well-being [65] . As single intervention studies have indicated that larger post-treatment effect sizes are produced if MI and CBT are delivered with fidelity [50, 51] , it can be hypothesised that integrated MI-CBT interventions adhering to higher rates of fidelity have the potential to produce increased effect sizes [61] . Another potential advantage to using integrated MI-CBT for addressing lifestyle mediators of overweight and obesity lies in the range of health professionals that were able to deliver the intervention. This clinical diversity might be advantageous when applying the intervention across multiple sectors of the community-dwelling population, especially given the previously mentioned prevalence of overweight and obesity. For clinical interest and uptake, as indicated by the findings of these meta-analyses, higher quality randomised controlled trials with detailed interventions, extended follow-up periods, and measures of treatment fidelity are required [50, 51] .
Limitations
There are a number of limitations of our review that need to be considered. The number of included trials was restricted by the use of the rigid search criteria designed to assess the combined effects of MI-CBT on lifestyle mediators of overweight and obesity. For example, it was not possible to extract sufficient data to undertake meta-analyses for dietary changes. Excluding languages other than English might also introduce a bias and reduce the precision of estimated treatment effects. Secondly, self-reported tools were used to measure changes in PA change in 9 of the 10 included trials. This lack of an objectively measured outcomes resulted in a higher risk of bias [59] . Thirdly, this review and meta-analyses included a number of small trials, undertaken on restrictive populations, which might have influenced the observed effect sizes [33] . Finally, there may have been an impact on external validity from combining data from studies on participants with diverse health conditions. Nevertheless, for all but one of the meta-analyses, heterogeneity was low, and research
